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Tabla  1.  Charactarlatica  of  Bordatalla  partuaaia  Vaccina* 


Strain 

Dry  Waight 
(uo> 

Agglut . 

Protaln? 

(ua> 

”Glucoa*"3 

(ua) 

Mortality 4 
(daatha/total) 

18323 

166 

♦ 

35 

2.8 

0/5 

Tohaaa  I 

161 

♦ 

40 

11.6 

0/5 

BP347 

169 

♦ 

41 

9.7 

0/5 

BP359 

164 

♦ 

44 

9.1 

0/5 

Tohaaa  III 

250 

♦ 

150 

— 

0/5 

11615 

250 

- 

143 

—  - 

0/10 

Control*: 

Connaught  #1 

625 

— 

100 

32.8 

0/5 

Connaught  #2 

563 

— 

106 

30.0 

0/5 

Connaught  #3 

438 

•  •  • 

97 

32.8 

0/5 

^Agglutinatl 

on  with  a  1 

:5  dilution 

of  rabbit 

antlaarua 

raiaad  againat 

Connaught  BPV. 

^Protain  datarainad  by  tha  aathod  of  Lowry  and  coworkars. 
ftGlucoaa  aquivalanta  aaaaurad  by  tha  anthrona  raaction. 
IChallangad  with  4  LD30  of  MAdlpt4  aavan  daya  aftar  traataant. 


2.2  BIOCHEMICAL  EXTRACTION  OF  BPV.  Dr.  Robart  Laaaon,  Connaught 
Laboratoriaa.  Inc..  Swiftwatar.  PA.  davalopad  aavaral  acallular  fraction* 
of  g.*  nartuaaia  for  poaalbla  uaa  aa  an  altarnativa  to  tha  currantly  uaad 
whola  call  vaccina  with  all  of  ita  aaaociatad  aida-affacta.  W*  hava 
•nalyzad  thaaa  fraction*  for  thair  antiviral  activity  and  hava  axaainad  a 
polyaaccharida  and  a  llpopolyaaccharida  fraction  of  BPV  alao. 

Acallular  fraction  15A-1B  waa  obtainad  froa  4  day  growth  of  phaaa  I 
ft.  partuaaia  (Connaught  Laboratorlaa.  Inc.,  vaccina  atrain)  on 
Cohan-Whaalar  agar.  Tha  call*  wara  axtractad  with  1.0  M  NaCl  containing 
0.05  M  aodiua  phoaphata  buffar  (pH  7.2>  and  0.02*  thiaaroaal  for  4  daya 
at  4°C.  Tha  call*  wara  aadlaantad  and  tha  auparnatant  dacantad.  A 
fractional  pracipltata  (20  to  40*  aamoniua  aulfata  aaturation)  waa  aada. 
dlaaolvad  in  buffarad  aallna,  dlalyzad.  and  daaignatad  fraction  15A-1B. 

A  portion  of  15A-1B  waa  traatad  with  1.0*  (v/v>  Eaulphogana  BC  720 
(Ganaral  Anillna  &  Fi la  Corp..  Naw  York.  NY>.  Tha  alxtura  waa  incubatad 
for  60  ain  at  4°C  and  tha  pracipltata  waa  aadlaantad  at  100.000  x  9.  for 
60  ain.  Tha  pallat  waa  raauapandad  in  phoaphata  buffarad  aallna  and  tha 
auapanaion  waa  adaorbad  to  1.0*  alualnua  hydroxida  gal.  Thla 
alua-atabillzad  praparatlon  waa  daaignatad  aa  fraction  15A-106A. 

Pur if lad  LPS  waa  provldad  by  Dr.  Thoaaa  W.  Klaln.  Unlvaraity  of 
South  Florida.  Taapa.  FL.  Tha  LPS  waa  axtractad  froa  ft.  partuaaia. 
atrain  3779  BL2S4  by  a  aodifiad  Waatphal  phanol-watar  procadura.  LPS 
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1.0.0  BACKGROUND.  Bordatalla  oirtm»i«  vaccina  <BPV)  i»  adminiatarad  to 
a  larga  portion  of  tha  population  in  tha  Uni tad  Stataa.  Our  pravioua 
obaarvationa  indicatad  that  BPV  haa  immunomodulatory  activity  and  inducaa 
a  raaiatant  atata  to  mouaa  adanovirua,  a  natural  pathogan  of  mica. 
Infaction  with  our  atrain  of  mouaa  adanovirua,  daaignatad  HAdlpt4 . 
raaulta  in  a  ayatamic  lnfaction  that  culminataa  in  intaratitial  pnaumonia 
and  daath  with  hamorrhagic  lunga  obaarvad  on  nacropay.  Kirchnar  and 
coworkara  hava  raportad  a  aimilar  BPV-inducad  raaiatanca  againat  harpaa 
aimplax  virua  lnfaction.  Acallular  axtracta  of  B.  partuaaia  producad  by 
gantla  axtraction  of  whola  calla  with  1.0  N  NaCl  inducad  a  raaiatant 
atata  to  MAdlot4  alao.  Thua,  tha  laolation  of  an  Immunomodulatory, 
antiviral  agant  from  partuaaia  for  poaaibla  human  uaa  appaara  to  ba  a 

faaalbla  pro j act. 

Tha  af forta  of  tha  firat  yaar  of  tha  contract  hava  baan  focuaad  on 
idantifying  tha  BPV  componant  that  ia  raaponaibla  for  tha  antiviral 
activity  of  tha  vaccina.  Our  praliminary  findinga  indicata  tha  activity 
raaidaa  in  lipopolyaacchar ida  <LPS>  or  a  lipopolyaaccharida-protain 
complax. 

2.0  IDENTIFICATION  OF  THE  BPV  COMPONENT  WITH  ANTIVIRAL  ACTIVITY. 

Idantif ication  of  tha  antiviral  componant  of  &.  partuaaia  haa  baan 
approachad  by  both  ganatic  analyaia  and  blochamical  axtraction. 

Antiviral  activity  waa  aaaayad  by  admlniataring  BPV  or  an  acallular 
componant  of  BPV  to  mica  by  tha  lntraparitonaal  routa  and  than 
challanging  tha  animal  with  a  lathal  doaa  of  mouaa  adanovirua  aavan  days 
latar . 

2.1  GENETIC  ASPECTS  OF  BPV  .  Vaccinaa  wara  davalopad  from  aavaral 
atraina  of  ft..  partuaaia.  Tha  organiaaa  wara  aalntalnad  on  BG  agar  baaa 
<Difco  Laboratorlaa,  Datrolt,  MI)  aupplaaantad  with  17a  daflbrlnatad 
ahaap  blood.  Vaccinaa  wara  praparad  by  harvaating  4-day  growth  from 
Cohan-Whaalar  agar  in  phoaphata  buffarad  aalina  (pH7.2>  and  inactivating 
tha  calla  by  haatlng  (36©C  for  30  ain>  in  tha  praaanca  of  0.02X 
thlmaroaal.  Tha  vaccinaa  wara  adjuatad  to  an  aatlmatad  4.0  mg  (dry 
waight)  par  ml  in  aalina-thimaroaal  dlluant  and  atorad  at  4°C. 
Unlnoculatad  Cohan-Whaalar  madiua  did  not  hava  antiviral  activity. 

Tha  parant  |.  partuaaia  atrain  uaad  to  davalop  tha  Connaught 
Laboratorlaa4  BPV  waa  ATCC  9797,  a  atrain  darlvad  from  16323.  Antiviral 
activity  waa  obaarvad  with  both  atraina  of  tha  aama  llnaaga  (Tabla  1>. 

BPV  mada  with  atrain  Tohama  I,  which  waa  iaolatad  lndapandantly  of  Strain 
16323  waa  protactiva  alao  (Tabla  1>.  In  addition,  tha  "virulanca 
faetora"  of  ft.  partuaaia  did  not  play  a  rola  in  tha  antiviral  activity. 
Straina  Tohama  III  and  11615  that  do  not  axpraaa  tha  virulanca  faetora 
had  protactiva  activity  (Tabla  1).  It  waa  intaraatlng  to  nota  that 
atrain  11615  did  not  agglutinata  with  rabbit  antisarum.  Thla  atrain  ia 
thought  to  ba  a  daap  rough  atrain  with  a  truncatad  llpopolyaaccharlda 
molacula  in  tha  outar  aambrana  of  ft.  partuaaia  (Dr.  Nark  Papplar, 
Univaraity  of  Albarta;  paraonal  communication).  In  addition,  wa  hava 
obtalnad  mutanta  of  atrain  Tohama  I  (BP347  and  BP349)  from  Dr.  Alliaon 
Walaa  and  Stanlay  Falkow  (Stanford  Univaraity,  Stanford,  CA>.  Thaaa 
atraina  wara  craatad  by  aingla  aita  inaartion  of  a  tranapoaon  that 
abrogatad  tha  '‘virulanca  faetora”  ;  howavar  BPV  mada  from  thaaa  atraina 
axhibitad  antiviral  activity  (Tabla  1). 


axtractad  by  tha  Waatphal  procadura  froa  aicroorganiaaa  othar  than  g,. 
partuaala  wara  obtainad  froa  Slgaa  Chaaical  Coapany,  Inc.,  St.  Louia,  MO. 

Call  aurfaca  polyaaccharida  waa  harvaatad  and  partially  pur if lad  by 
tha  aathod  of  Conrad.  Four  day  growth  of  phaaa  I  g.  partuaala.  atraln 
18323,  waa  harvaatad  froa  Cohan-Whaalar  agar  aadlua  ualng  0.01  M 
potaaaiua  phoaphata  buffar  (pH  7.0).  Tha  capaula  (aliaa)  polyaaccharida 
waa  raaovad  by  briaf  ahaarlng  traataant  In  a  Waring  blandar  aat  at  top 
apaad  for  45  aac.  Tha  calla  wara  raaovad  by  cantrlfugation,  tha  pH  of 
tha  auparnatant  waa  adjuatad  (pH  2.0)  with  6.0  N  H2SO4  and  tha 
polyaaccharida  waa  pracipitatad  with  acatona.  Tha  pracipltata  waa 
collactad  by  cantrlfugation,  raauapandad  In  watar  (pH  9.0),  and 
ra-pracipl tatad  at  pH  3.0.  Tha  auparnatant  waa  dialyzad  and  concantratad 
In  a  flaah  avaporator. 

Antiviral  activity  waa  datactad  In  aavaral  acallular  fractlona 
darlvad  froa  g.  partuaala  (Tabla  2)  .  Tha  atandard  doaa  of  BPV  (250  ug 
dry  walght)  contalnad  approxlaataly  tanfold  tha  concantratlon  nacaaaary 
to  protect  SOX  of  tha  taat  population.  Fraction  1SA-1B  ravaalad  at  laaat 
13  protalna  ranging  in  alza  froa  16. 5K  to  139K  upon  polyacrylaalda  gal 
alactrophoraala.  Tha  gal  pattarn  waa  alailar  to  tha  pattarn  of  outar 
aaabrana  protalna  laolatad  by  Dobrogoaz  and  coworkara.  Fraction  15A-106A 
traatad  to  raaova  LPS  waa  aarkadly  laaa  actlva  In  atlaulatlng 
lyaphocytoala,  hlataaina  aenaltlzatlon.  Induction  of  paritonaal  axudata 
calla,  and  aplanoaagaly ;  howaver,  tha  fraction  ratalnad  antiviral 
activity.  Partially  purlflad  polyaaccharida  obtainad  by  ralatlvaly 
gantle  ahaarlng  of  tha  calla  poaaaaaad  antiviral  activity.  Purlflad  LPS 
exhlbltad  antiviral  activity  alao.  Our  pralialnary  data  indicatad  that 
tha  20  ug  (dry  walght)  doaa  of  LPS  waa  naar  tha  ainiaua  protactiva  doaa. 

Tha  LPS  of  g.  partuaala  waa  uniqua  in  ita  antiviral  activity  (Tabla 
3).  Purlflad  LPS  of  four  diffarant  graa-nagativa  apaciaa  did  not  hava 
antiviral  activity.  An  antiviral  activity  of  g.  partuaala-darlvad  LPS 
and  darlvativaa  haa  baan  raportad  pravioualy  by  LaDur,  Chaby,  Szabo  and 
coworkara.  Tha  protactiva  activity  of  LPS  obaarvad  by  LaDur  and 
coworkara  davalopad  within  24  h.  Wa  nay  ba  axaaining  tha  aaaa  activity; 
howavar,  tha  duration  of  our  antiviral  affact  (5  to  35  daya)  would 
auggaat  that  wa  ara  obaarving  a  diffarant  coaponant  of  laaunoaodulation. 

Additional  avldanca  for  a  polyaaccharida  aoiaty  balng  involvad  in 
tha  antiviral  activity  la  tha  obaarvation  that  tha  vaccina  can  ba 
inactivatad  by  pariodata  traataant.  Traataant  of  BPV  with  100  aM 
parlodata  for  46  h  daatroyad  tha  protactiva  activity  (Tabla  4) .  Mlldar 
pariodata  traataant  aa  daacribad  by  Tuoaanan  and  Handlay  to  inactivata  g. 
partuaala  glycocaylx  adharanca  to  bronchial  ciliatad  apithalial  calla  did 
not  abrogata  tha  protactiva  activity. 

Takan  togathar,  tha  data  lndlcata  that  LPS  la  probably  Involvad  in 
tha  BPV-lnducad  laaunoaodulation  that  raaulta  In  raalatanca  to  MAdlpt4. 
Howavar,  whan  ona  axaalnaa  tha  ralativa  apaciflc  activity  of  g.  partuaala 
LPS  In  tha  varloua  acallular  fractlona,  ona  obaarvaa  that  LPS  in 
conjunction  with  nativa  protaln  appaara  to  ba  aora  affactlva,  a.g.,  BPV 
<25  ug  dry  walght)  and  15A-106A  varaua  purlflad  LPS  (20  ug  dry  walght), 
which  waa  naar  tha  ainiaua  affactlva  doaa.  Sultzar,  Craig,  and  coworkara 
hava  obaarvad  that  tha  andotoxln-aaaoclatad  protalna  of  g.  partuaala  ara 
uniqua  in  thair  adjuvant  activity.  Thalr  findinga  alao  auggaat  that  LPS 
coaplaxad  with  andotoxln-aaaoclatad  protalna  night  hava  lncraaaad 
antiviral  activity.  Wa  ara  currantly  focualng  our  afforta  on  tha 
laolation  of  an  LPS-protaln  conplax  froa  |.  partuaala. 
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Table  2.  Activities  of  Bordetella  pertussis  Vaecln*  and  Acallular 
Extracts 


Traatmant 
(i.o. > 

Dry  Weight 

<UQ) 

Protein 

<ua) 

LPSl,2 

<ua> 

Biologic  Activity 

Mortality^, 
(deaths/ total) 

BPV, 

Connaught 

250 

51 

2.34 

LPF,  HSF,  PEC- 

atimulation, 

splenomegaly 

0/21 

BPV, 

Connaught 

25 

5 

0.23 

— 

19/47 

15A-1B, 

Connaught 

— 

46 

147 

aplenomegaly 

3/16 

15-108A, 

Connaught 

12 

.039 

decreased  LPF, HSF, 
and  PEC  stimulation 
aplenomegaly  not 
detected 

4/20 

p 

Purified 
LPS,  3779 

20 

<0.2 

40 

— 

0/5 

Pol. aacch, 
16323 

415 

11.5 

100 

— 

0/5 

Diluent 

WWW 

WWW 

WWW 

21/21 

i.  Tha  aff iclancy  of  dataction  waa  aaauaad  to  ba  similar  for  fraa  and 
bound  LPS  aa  raportad  by  Jorgaaan  and  Smith. 

2  Aaabocvta  lyaata  aaaay,  Slgaa  Chemical  Company,  St.  Louis,  NO. 

3  Challangad  with  2-10  x  107  PFU  HAdlot4  aavan  daya  aftar  traatmant. 


3.0  MECHANISM  OF  BPV-INDUCED  ANTIVIRAL  ACTIVITY.  In  anticipation  of 
laolatlon  of  a  purlflad  component  with  antiviral  activity,  preliminary 
atudlaa  of  poaaibla  machanlama  of  lamunomodulatlon  ware  carried  out. 

3.1  INDUCTION  OF  A  HUMORAL  RESPONSE. 

Tha  aarum  of  BPV-traatad  mica  did  not  contain  croaaraactlng  antibody 
that  would  neutralize  HAdlB&.4  In  vitro.  However,  aavaral  publlahed 
raporta  indicated  that  certain  monoclonal  antlbodlea  do  not  neutralize 
viruaaa,  but  wl?l  protect  a  teat  animal  agalnat  a  challenging  virus 
Infection.  Serum  waa  obtained  from  mica  treated  with  BPV  for  21  daya. 
Paaaiva  immunization  againat  MAdlot4  infection  was  attamptsd  by 
inoculating  0.5  ml  of  tha  aarum  into  each  animal  12  h  prior  to  virus 
challenge.  No  protection  waa  obaervad. 


Table  3.  Activity  of  Purified  LiPOPolvicch«rid»^ 


Treatment , 


Mortality 2 


1_  Purified  by  tha  Waatphal  phenol-water  axtraction  aathod. 

2  Challangad  with  2  x  107  PFU  MAdlot4  aavan  daya  aftar  traataant. 

3  Providad  by  Dr.  Thoaaa  W.  Klein*  Univaraity  of  South  Florida* 
Tampa*  FL. 


Tabla  4.  Modification  of  BPV 


Raactlon  Condi tiona  Prior  to  Anlaal  Injection  Mortality*. 

_  (deatha/total) 

BPV  (no  traataant)  0/5 

BPV  traatad  with  0.1  M  NaXO*  for  4B  h  at  25 ®C.  5/5 

BPV  traatad  with  0.5  aM  NaX04  for  30  vln  at  25®C.  0/5 


Challangad  with  4  LD50  of  HAdlg&4  aavan  daya  aftar  traataant. 


3.2  INDUCTION  OF  A  CELLULAR  RESPONSE.  Parltonaal  axudata  calls  (PECs) 
war a  choaan  for  study  bacausa  of  thalr  diract  axposura  to  BPV  during 
traataant*  aaaa  of  harvaat*  and  tha  prior  raport  by  Norahan  and  coworkera 
of  antiviral  activity  of  PECa  following  laaunoaodulation.  Vaalcular 
atoaatltla  vlrua  (VSV)  infaction  was  ehosan  for  tha  initial  davalopaant 
of  an  in  vitro  asaay  of  antiviral  activity  dua  to  tha  aaaa  and  rapidity 
of  tha  VSV  plaqua  aaaayj  ona  day  as  compared  to  12-14  days  for  NAdlpt^* 
Mica  wars  inoculated  l.p.  with  BPV  or  vaccina  diluent 
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<aalina-aarthiolata;SM)  and  savan  days  latar  paritonaal  lavaga  was 
parforaad  to  harvaat  PECa.  Cal la  wara  culturad  in  aicrotitar  plataa  or 
35  aa  cultura  diahaa.  Tha  following  call  concantrationa  wara  addad  to 
aach  aicrotitar  wall,  singularly  or  in  coabination: 

L929  -  4.0  x  103  cal la 

SM-PECa  -  1.0  x  10®  calls 

BPV-PECa  -  1.0  x  10®  calls 

Tha  call  cultura  ayataaa  wara  infactad  by  adsorbing  20  PFU  of  VSV, 

aarotypa  Indiana,  to  L-929  calls  for  2.0  h.  This  strain  of  VSV  did  not 
produca  a  lathal  infaction  in  aica  with  10®  PFU  or  lass.  Twalva 
aicrotitar  culturaa  wara  poolad  for  aach  point  aaaayad.  Tha  growth  cycla 
of  tha  virus  appaarad  to  ba  assantially  coaplata  within  60  h  of  infaction 
in  L-929  call  culturaa  <Figura  1).  Coabination  culturaa  using  tha  abova 
affactor  call  <PEC)  concantration  to  obtain  an  affactor  to  targat  call 
ratios  of  25:1  wara  conatructad  also.  Virus  was  adsorbad  to  L-929  call 
culturaa  (calculatad  M0I  of  1.0  PFU  par  200  calls)  for  2.0  h  to  allow 
antry  of  tha  virus  into  tha  paraiaalva  call  and  than  affactor  calls 
(aithar  SM-PECa  or  BPV-PECa)  wara  addad.  Aa  bafora,  12  aicrotitar  walla 
wara  poolad  for  aach  assay  of  inf activity.  Ef factor  calls  harvaatad  from 
SM-traatad  aica  had  no  obaarvabla  affact  whan  coculturad  with 
VSV-infactad  L-929  calls,  wharaaa  affactor  calls  froa  BPV-traatad  aica 
dacraaaad  tha  ability  of  L-929  call  culturaa  to  synthasiza  virus  by 
approxlaataly  90x  (Figura  1).  This  obaarvation  was  confiraad  by 
statistical  analysis  of  titara  obtainad  froa  tan  individual  pools  of 
aicrotitar  wall  culturaa  60  h  aftar  infaction  (Tabla  5). 
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Figura  1.  Growth  Curva  of  Vaslcular  Stoaatitia  Virus  in  L-929 
Call  and  Paritonaal  Exudata  Call  Coculturaa.  Vaslcular 
stoaatitia  virua  was  adsorbad  to  culturaa  of  L-929  calls. 

Aftar  virua  adsorption  aithar  no  calls  (□> ,  SM-inducad  PECa 
<0>,  or  BPV-inducad  PECa  <#)  wara  addad  and  virus  inf activity 
was  aaaayad  on  L-929  calls  tharaaftar. 


Table  5.  Activity  of  BPV-induced  Peritoneal  Exudate  Calls  on 
Vesicular  Stomatitis  Virus  Synthssis  in  L-929  Calls 


Treatment  of  Infactsd  Culturas  Virus  Synthasixsd  60  h  Aftsr  Infaction 

<PFU  x  10-6) 

_  _ tlBAD _ Standard.  Deviation 


Control  <no  PEC  addition) 


ia.4*»c  7.e 


SM-PEC  cocultura 
BPV-PEC  cocultura 


37.12/b  28.8 

2.6b*£  0.9 


•  Student's  ft  sat ,  d.f.  ■  18,  P  ■  .059. 

6  Student's  f teat,  d.f.  ■  18,  P  ■  .001 

£  Student's  f test,  d.f.  ■  18,  P  <  .001 


Although  there  were  ssny  sore  cells  in  the  PEC  population,  as 
compared  to  the  L-929  cell  population  in  the  cultures,  the  PECs  were 
notably  leas  permissive  (Figure  2).  In  addition,  the  BPV-induced  PECs 
ware  less  permissive  than  the  SM-lnduced  PEC  cultures.  Thus,  the  PEC 
fraction  in  a  combination  culture  of  PECs  and  L-929  cells  would 
contribute  less  than  one  percent  of  the  progeny  virus. 

A  portion  of  the  inhibition  of  virus  synthesis  was  due  to 
interaction  of  the  BPV-induced  PECs  and  the  cells  infected  initially. 
Virus  was  adsorbed  to  L-929  cell  cultures  (calculated  HOI  of  1.0  PFU  per 
200  cells)  for  1.0  h  to  allow  entry  of  the  virus  into  the  permissive 
cell.  The  infection  was  carried  out  in  35  mm  culture  dishes  with  the 
same  density  of  L-929  cells  per  unit  area  as  was  used  in  the  microtiter 
wells .  Effector  cells  (either  SM-PECs  or  BPV-PECs)  were  added  and  the 
combination  culture  was  incubated  an  additional  2.0  h.  Excess  L-929  cells 
at  a  concentration  that  would  form  a  monolayer  within  24  h  were  then 
added  and  1.0  h  later  an  agar-baaed  overlay  medium  was  added  to  localize 
virus  cytopathology  for  visualization  of  infectious  centers  or  plaques. 
Approximately  half  of  the  infectious  centers  were  inactivated  by 
BPV-induced  PECs  (Table  6).  Virus  infection  cycles  in  L-929  cells 
subsequent  to  the  initial  round  of  multiplication  were  probably  inhibited 
also. 

The  activity  of  BPV-induced  PECs  was  specific  and  was  directed 
toward  virus-infected  L-929  target  cells  and  not  toward  both  uninfected 
end  infected  cells.  L-929  cells  were  planted  at  a  concentration  of  40 
cells  per  30  mm  dish  and  cultured  24  h.  BPV-induced  or  SH-induced  PECs 
were  added  to  the  L-929  cell  cultures  at  the  previous  effector  cell  to 
target  cell  ratio.  The  cells  were  then  maintained  in  eoculture  for  6 
days  and  the  colonies  of  L-929  cells  counted. 
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Figure  2.  Growth  Curve  of  Vooleulor  Stosstitis  Virus  in  L-92S 
Coll  and  Poritonool  Exudate  Calls.  Vssieulsr  stosstitis  virus  wss 
sdsorbsd  to  culturss  of  L-929  colls  CD) ,  9M- induced  PECs  <0> »  or 
BPV- induced  PECs  <•>  and  virus  inf  activity  wss  assaysd  on  L-929 
calls  tharasftsr. 


Tsbla  6.  Activity  of  BPV-induced  Paritonasl  Exudats  Calls  on  Vssieulsr 
Stosstitis  Virus  Infectious  Cantors 


Trsstsant  of  Infsetsd  Calls 

Control  (no  PEC  addition) 
SH-PiC  cocultura 
BPV-PEC  cocultura 


Znfactious  Cantors  in  L-929  Culture 

_ Bead _ gfcintiirtf  PtvliUon 

77.4«*b  11.0 

S3.0b’C  6.4 


•  Student's  fc- tost,  d.f .  -  19,  P  •  .004. 
E  Student's  t-tsst,  d.f.  •  19,  P  <  .001. 
e  Student's  &-teat,  d.f.  ■  19,  P  ■  .009. 


BPV-induced  PEC*  exhibited  *o»*  toxicity  toward  uninfoctod  L-929 
c*ll«;  however,  th*  mount  of  colony  formation  indicated  that  nonapaciflc 
toxicity  did  not  play  a  aajor  rola  in  tha  antiviral  activity  of 
BPV-induced  PECa  (Table  7).  Coculturing  of  SM-induced  PECa  with  L-929 
cell*  markedly  decreaaed  the  number  of  microcoloniea  that  developed. 

Thia  decree**  did  not  appear  to  ba  due  to  toxicity.  The  coculture  of 
SN- induced  PECa  and  L-929  cell*  reaulted  in  a  marked  increaae  of  L-929 
cell  migration  or  apreading  and  enumeration  of  diacrete  col on lea  waa 
difficult. 

An  initial  characterization  of  the  PEC  population  with  antiviral 
activity  waa  carried  out.  Infected  L-929  cell*  were  cocultured  with 
either  PECa  or  PECa  minua  the  adherent  cell  population.  SM-induced  and 
BPV-lnduced  PECa  were  harveat  aa  deacribed  previoualy.  A  portion  of  each 
cell  auapenalon  waa  planted  in  60  a*  cell  culture  petri  diahea  and 
Incubated  2.0  h.  Nonadherent  cell*  were  removed  by  waahlng  and  ad^uated 
to  the  aame  concentration  aa  the  total  PEC  population.  Approximately  50x 
of  the  total  population  waa  adherent  cell*,  conaaquently  the  nonadherent 
cell  population  waa  enriched  approximately  twofold. 


Table  7.  Colony  Formation  in  Coculturaa  of  L-929  Celia  and  Peritoneal 
Exudate  Celle 


Treatment 

Colonlea 

after  6  Day*  of  Culture 

Control  (no  PECa  added) 

30. 3* 'E 

4.9 

SM-PEC  coculture 

9.3«'b 

2.6 

BPV-PEC  coculture 

23.6C'b 

4.1 

•  Student 'a  fteat 
E  Student'*  &.-t*at 
£  Student'*  j^-teat 


d.f.  ■  18,  p  <  .001 
d.f.  ■  18,  p  <  .001 
d.f.  ■  16,  p  ■  .003 


Removal  of  the  adherent  cell  population  increaaed  the  antiviral 
activity  of  BPV-induced  PECa  (Table  8> .  Either  the  cell  population 
reaponalble  for  the  antiviral  activity  waa  enriched  by  the  procedure  or 
the  adherent  cell  population  in  the  original  PEC  auapenalon  waa 
inhibiting  the  antiviral  activity  of  that  auapenalon. 

Taken  together,  our  data  indicate  that  BPV-induced  PECa  exhibit  an 
antiviral  activity  toward  VSV  Infected  L-929  cell;  however,  the  ayatem 
doea  not  provide  an  eaally  aaaayed  axpreaalon  of  the  antiviral  activity, 
l.e.,  a  relative  large  number  of  culture*  and  atatlatical  analyala  would 
be  neceaaary  to  evaluate  a  given  acellular  fraction  of  &.  portuaal*.  Our 
future  effort*  will  be  directed  toward  ualng  herpea  aimplex  virua 
infected  cell*  aa  target  cell*. 


4.0  PATHOGENESIS  OF  MAdlBl4*  Studlea  of  NAdlp^d  pathogeneala  were 
extended  to  aid  in  the  interpretation  of  the  model  uaed  for  acreenlng 
antiviral  activity  of  1,  oertuaala. 


4.1  MIGRATION  OF  THE  INOCULUM.  Tha  kinatica  of  MAdlB&4  Migration  from 
tha  paritonaal  cavity  af tar  inoculation  waa  axaainad.  Mica  wara  injactad 
i.p.  with  10*  PFU  <aublathal  doaa>  and  than  a  pockat  blaad  and  paritonaal 
lavaga  wara  parforaad.  Infactioua  virua  waa  aaaayad  in  aach  ayataa  at 
varioua  tiaaa  aftar  infaction.  Unaxpactadly  tha  virua  appaarad  in  tha 
plaaaa  vary  aoon  aftar  injaction  into  tha  paritonaua  (Tabla  9> .  Moat  of 
tha  virua  had  aigratad  out  of  tha  paritonaua  by  3.0  h.  Tha  virua 
axhibitad  vary  low  titara  in  tha  circulating  blood  by  24  h  and  than 
incraaaad  aftar  3  to  4  daya,  probably  dua  to  activa  raplication. 
Significant  changaa  in  tha  nuabar  of  calla  or  call  typaa  in  tha 
paritonaua  during  thla  pariod  wara  not  obaarvad. 

4.2  SYSTEMIC  INFLAMMATION.  Infaction  with  a  aublathal  doaa  of  MAdlp£4 
raaultad  in  a  aigniflcant,  tranaiant  aplanoaagaly  aftar  infaction  (Figura 
3> .  Tha  incraaaad  aplaan  aiza  waa  dua  in  part  to  an  incraaaad  nuabar  of 
calla  in  tha  aplaan.  Infaction  with  a  aublathal  doaa  of  MAdiot4  did  not 
induca  a  favar  raaponaa  of  hypotharaia  charactariatic  of  aica  (Figura  4> . 
In  contraat,  lathal  doaa  lnfaction  inducad  a  favar  raaponaa  at  laaat  two 
daya  bafora  daath  (Figura  5) . 


Tabla  8.  Activity  of  Nonadharant  BPV-inducad  Paritonaal  Exudata  Calla  on 
Vaaicular  Stoaatitia  Virua  Synthaaia  in  L-929  Calla 


Traataant  Virua  Titar  aftar  60  h 

(PFU  x  10-6> 


10.6  3.6 

3.5*  1.5 

1 .8*  1.3 

2.5b  0.6 

1.3b  0.4 


•  Studant'a  £-taat,  d.f .  ■  6.  p  ■  .083 
b  Studant'a  &.-taat,  d.f.  *  8,  p  ■  .004 


Control  (no  PEC  addition) 

SM-PEC  cocultura 

SM-PEC  (ainua  adharant  calla)  cocultura 
BPV-PEC  cocultura 

BPV-PEC  (ainua  adharant  calla)  cocultura 


Table  9.  Vlrua  Migration  from  tha  Paritonaal  Cavity  to  tha  Bloodatreeal 


Tiaa  Aftar  Infaction  Paritonaal  Cavity  Plaeaa? 

_ Lh 2 _  _ 1EE1I2 _  (PFU) 


0.08 

19,600 

306 

0.25 

7,300 

396 

0.42 

9,500 

464 

1.0 

5,000 

1,100 

3.0 

260 

306 

6.0 

920 

2,442 

12 

20 

HO 

24 

10 

44 

48 

120 

44 

72 

60 

966 

96 

140 

550 

168 

90 

220 

i,  Mice  were 

£.  Baaed  on  a 

injected  l.p. 

total  plaaaa 

with  10*  PFU. 

voluae  of  1.10  al 

aa  reported  by 

Friadaan. 


4.3  HUMORAL  RESPONSE.  Mica  raapond  to  aublathal  doaa  infaction  with 
datactabla  neutralizing  antibodiaa  within  14  daya  aftar  infaction  (Table 

10) .  Aa  little  aa  10  PFU  will  cauaa  aaroconvaraion  of  tha  aouaa  (Table 

11) .  Thaaa  data  reinforce  tha  axtraaa  caution  one  auat  uaa  in  working 
with  MAdlpt4  and  thereby  prevent  poaaibla  coaaunication  between  tha  virua 
laboratory  and  tha  aniaal  facility. 

Tha  role  of  interferon  in  aouaa  adanovirua  infection  la  queationable  at 
thia  tiaa.  We  hava  repeatedly  fall  to  deaonetrate  aignlf leant  lncraaaaa 
in  lavala  of  interferon  in  the  blood  or  peritoneal  lavage  after  virua 
infection.  In  addition,  raproduclble  increaaea  of  interferon  after  BPV 
treataent  wara  not  obaerved.  Nuaeroua  atteapta  to  lnduca  lnterfaron  in 
L-929  cella  by  MAdlc£4  infection  have  failed.  Finally,  the  aenaltlvity 
of  MAdlot4  to  the  effecta  of  lnterfaron  waa  fourfold  leaa  than  VSV. 
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Klein.  1969.  Reaiatance  to  adenovlrua  infection  after  adalnlatratlon  of 
Bordetella  portuaala  vaccine  in  alee.  Infect.  Inaun.  47:  (in  preaa) . 

Wintera,  A.  L.,  D.  W.  Baggett,  J.  D.  Lee,  G.  L.  Sloan,  R.  D.  Leaaon,  and 
R.  S.  Stinaon.  1985.  laaunoaodulatlon  by  Bordatalla  oartuaalai  Antiviral 
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Figure  3.  Splsnoaagaly  Following  MAdlp^.4  Infaction.  Mica  war 
inoculatod  i.p.  with  10*  PFU  <0>  or  L-929  coll  oxtroct  control 
<□) .  Un in 3 act ad  nict  war*  uood  ••  control  oloo  <•> .  Points 
roprooont  tho  ovorago  apian ic  indax  of  3  to  15  aica. 


•j  ij'i«r -y 


S 

C"’ 

S 

s 

i 

li  * 

■  * 
b  ‘ 

»  * 

i 


* 

> 

3 


i 


< 

p 

L" 


TT  j  1  ^  1  ^  y  *P!  y«  5* *■  .■  L"  !  i"  1  ■  ■  V  \P  '  'J  "J»  *■■  ■  I  ■  V*T  > 


^T^T^’^T^r^^TTT^TTTTr^TTrTTW^TV^V'T^  v1'' 


Figure  4.  Taaparatura  of  Mica  Following  MAdlpt4  Infaction 
with  a  Sublathal  Doaa.  Mica  wara  inoculatad  l.p.  with  10* 
PFU.  Ractal  taaparaturaa  wara  obtalnad  at  12  h  intarvala 
tharaaftar.  Each  point  rapraaanta  tha  aaan  taaparatura  of 
fiva  aica.  Tha  solid  bar  rafarancaa  37®C. 


Flgura  5.  Taaparatura  of  Mica  Following  MAdlot4  Inf action  with  a  Lathal 
Doaa.  Mica  wara  Inoculatad  l.p.  with  2. A  x  10?  PFU.  Ractal  taaparaturaa 
wara  obtalnad  at  12  h  Intarvala  tharaaftar.  Each  ayabol  rapraaanta  an 
Individual  aouaa. 
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